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VOICE FHEQUEI^CY LOADING FOR TRUNK CABLES 


Purpose ;' This addendum clarifies the application of D-66/H-88 

Junction impedance compensators to insxupe that the best 
retvarn losses are achieved. 


Deletions ; Delete paragraph 7 i^i its entirety. Make a notation 
" stating; ’’See Addendimi No, 1,” 

Delate Illustrative Ebcamples 10, 17, l3, 19, and 20. 

Malce a notation stating; '’See Addendum !Tc. 1." 

Additions ; Add new paragraph 7 and Illustrative Examples 10, 17, 
l8, 19 , and 20 to read as follows: 

7.0 THE D-66/H-ea JUNCTION EiPEDANCE CaiPEITSATOR AND APPLICATIONS 

7.1 A de-vlce used to match the impedance of an H-88 loading system to 
that of a D-66 loading system when it is inserted at a Jxinction 

point between the two loading systems is termed a "L-66/H--88 Junction im- 
pedance con5)ensator," or sin^y "Junction compensator." Use of a Junction 
impedance compensator permits a con^iany utilizing the D-66 loading system 
to pro-'/lde both subscriber and trunlc facilities wJ.thin the seme sheath 
%ibli the same loading scheme, A connecting company with H-oo loaded cade 
system will also have the same ad'/antage. 


7.2 H-88 and D-66 loaded cables have, by design, the same nominal 1000 

Hz in^edance but as the cutoff frequency of the H-88 loaded cable 
is approached its impedance increases in magnitude more rapidly than that 
of D-66, loaded cable. Therefore, at frequencies higher than approximately 
2500 Hz the impedance match between D-66 and H-88 loaded cable facilities 
becomes progressively poorer when the two systems are directly intercon- 
nected, Performance of voice ftrequency repeaters may be expected to be 
impaired due to the poor return, loss resulting at the point of such direct 
interconnection. To obtain acceptable return losses at these higher fre- 
quencies it is necessary that the rising In^edance of the H-88 be modified 
to match the flatter Impedance of the D-66, The device which makes 
possible this matching, thereby improving the return loss, is the Junction 
compensator. , 



Vo A j'ar.ction L-apedancs compensator consists ax’ a loadinw con ,^4... 

a capacitor in parallel -/dth each winding oi" the ioed*'’e 
i^epenoing on cable length to the nszt loading coil location . 

af^t-h" capacitors in sbant -rith the tin ahii, "ir- 

eV^ecS.rf sections respectively to 0.3. This results in* a ^<^nni 

^-ectixa and section for the D-oo and 4300' for the H-.38 loadlr^ 

Sd '“«> ““ H-ea.loaSd cabl^f 

pon3n:riMiSi?r!Xt?:f “I"; 

thL reactaSe dSpilty^d -h.°f™f “ capdoltor, hdlpa 1:. rdducl'r^ 
^sta=.3 b3cox,a SSS SdSed. “'“'S ^»4 H-cS Icalad 

7- Component maica-up of the 0-36 and H-cS , 

pensator is shown in ngur« 1 -h^„T7' o?edar.ce com- 

loading coil and series canL^'tSi;''/:: J-y should oe noted that the 

different ’/alues for I9 and 2 o gaugg 02163°^"^^^ 

capacitors, however, (capacitorf cf and J^in out 

length at the end ScUon, " depends solely on the cable 

7.41 impedance compensators desimnpri 00 

with 24- gauge cable. While not n-c cable may be used 

cauod. ..ddbdn. odP^db 

7.42 5^ere mi:cad gauges such as la ... .,0 

be compute^rf??^;| ^ 

bil- 1 compensator 

be given to S^ension, ir^22i^ 

of both ^ «•« better rhi^hl!? Qouatruction proves 

impedance matching of msS^ which should be adhetAd^t^^ short. 

aatcning of majdaum efficiency. adhered to so as to obtain 

7.51 Combined end sections ('lann+h .v 

two facilities (d -^6 and J^ctiou cable) of th^ 

cr more, than 84 oo feet. be not lese 
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7.511 When the length of actual junction cable betxreen the last D-66 
and H-88 loading coils is less than 3901 feet, omit the last 

D»66 loading point and design to the new length. 

7.512 Should the combined end section length be more than 84oO feet, 
add a D-66 loading point and complete the design to the new 

length , 

7.513 Where length of actual Junction cable between the last D-66 and 
H-88 loading points is 5400 to 8400 feet, locate the compensator 

3600 feet of actual cable from the D-c6 loading point ("0.8 section) wltJi 

Cj^ - 0. Set C2 equal to 0.083 (4800-feet of remaining junction cable)' 

5280. 

7.514 For actual jiinction cable lengths of 3901 to 5399 feet between 
the last D-66 and H-88 loading points, locate the compensator X 

I'eet of actual cable from the D-66 loading coil, where X equals actual 

junction ca'oie/2.33. Set equal to 0,083 (3bC0 - X)/’5280. Set Og 

equal to O.O83 (4800 « (tot^L length of actual junction cable/l.75) t/ 

5280. 


7.515 Illustrative examples pertaining to the application of the junc- 
tion impedance compensator for various D-66 and H-88 natural end 
sections are shown in examples 17 to 20. It should be noted that there 
is no requirement to place the junction compensator at the precise poi.at 
where the D-66 and H-88 loaded cables meet (bo\indary). Prom the trans- 
mission standpoint, the junction compensator should be physically locate 
at the point determined by the design rules above. Shunt capacitors are 
not required when total footage of actual junction cable is 8400 feet. 


7.5151 Ht-uple 17 Illustrates a cable layout in 'jhich the length of ac- 
tual junction cable is almost exactly 8400 feet. Tlie best 
solution is to locate the junction impedance compensator at the point 
where no capacitor build out is required. This can be determined by 
locating the compensator X feet firom the last H-88 loading point where 
X equals actual junction cable length/1,75. 


7.5152 Another cable layout is shown in Example I8 with 58OO feet of 
jimction cable. The application rule cited in Paragraph 7.513 

applies to this example. The compensator should be placed 3600 feet 
(0.8 section) from the last D-66 loading coil, will equal 0 and Cg 
will be for 4800 - 2200 - 26OO feet. In this example the compensator 
should be placed on the H-88 side of the cable junction at the boundary 
to achieve maximum return loss, 

7.5153 Example I9 shows an example with 5110 feet of actual junction 
cable. The application rule cited in Paragraph 7.514 applies. 

Compensator shoiold be located X feet of actual cable from the D-66 
loading point where X equals 5110/2,33 = 219O feet. Distance from com- 
pensator to the h -88 loading point will be 5110 - 2190 feet = 2920 feet, 
Cj_ and Cg can then be computed as shown in the example. 
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7. 515^ Exaaple 20 shows t-,m possible solu-sions for a cable layout with 

10,100 feet of actual junction cable. Since 10,100 feet of* cable 
-Tacciaum in Paragraph 7.512, a loading coil should be 
added to the cable. Solution B shows a 66 mfi coil and solution C a 33 mH 
aoU added, ihe best solution is 3 since -nith solution C there is lass 
actu^ cable at the junction and two capacitor build outs are racuired. 
boiution 3 sets *» 0 and for 4800 - 2000 » 2800 feet. 

|iM ^ 

7.0 -junction conpensators should be installed on both repeaterad 

‘*ion'repeatarad plant, ^vhen ordering the compensator a suffi- 
,.1, campensator units should be specified for spares as part 

of the nonnal circuit requirements. 


.7 The D-66/H-88 Jimctlon Impedance compensators and all application 
(Q 03^ herein require the use of exchange tyne cables 

oor*ifln company and the H£A borrowers 

n rn ’'"qq f ^^change type cabla which nakss intarconnecticr ci* 

..d zither, for the reaeoo Jieo-Ieoad 

tieruJjL loaded cable faoU?: 

f i connecting to it. m this situation the REA 


netting, ‘‘"^ng the engl- 
iog, onatruotlon, and inatallatlon of the Junction oompenaator. 

7.81 C^ute^the^^.^ capacitors recpilrsd (capacitors Ci and 

and H.88 ttd aectloSfarthf ‘"Sf 

xn the end sectioM due to re-staking ^ovn* Changes, if any, 

entaU a change in shunt capLitSs^t' 2d r ia -actors which 

ac^ capacitor ™iues '‘’= 

^llSd'ooS^ctS! fflf =‘®t“tl7 ta 

nected to the D-66 nortlon + i hnit is con-, 

the h- 88 portion of the, trunk, a rrversS^c^ connected to 

fact the performance of voice freouencv adversely a£- 

circuit in question. frequency repeaters operating over the 


cQrderS^ltt^c52d2^^th°m^e2S°*t4^® should be 
mch covers all pertinent ^teat issue, 

teristlcs. External protection for the Compensator 
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niU3tratlve Sxaitrpla 10 To show how to conpute the attexnmtlon of a loaded trunk 

cable similar to the one shovm below at 1000 cpg and 66'®F, 


SxiiiHDle IQa 




D-c 6 HC 




— ^ — X ^ 







X X — K- 


23,78 KP I 9 -D -66 HC 

4.23 KF 22-D-66 HC 



H-88 KC 


/ / 

^ — — X — ^ — X — X — Xf- 


K? 19-H-a8 HC ' 


/ 


2.1 ra? 22-H-.88 HC 
JUHCSJrir COKFENSATOR (JC) 


Proc n auxe 


Answer 


Cable Atterr-iatiDn + JC Loss 

(4.23 + 2 . 1 ) X 0.15 + (23.78 + 29.64) x O.Odl + 0,3 5.58 db 


Example 10b 



215 O' 4440’ 4480' 

V/ 

3600' 

^4585' 5990* 5970' 5565’ 5935’ 5542' 3C30' 

P™. V--,- V rV V X 



^ ^ 


A A "A A 

u 


14,67 KP 22-0-66 HC I 37,42 KP I 9 -H -88 HC 

J 


(14.67 X 0 . 15 ) + (37.42 X O. 081 ) * 0.3 


p.53 db 


Example IDc 


2130 * 4435 * 4440' 4452 * 4426’ 4438 * 4462' 1955 ’ 2605 ’ 5995 ' 488o' 2930 ’ 

a X ) « ^ — X ■ H — ■ — X — X - 1 - x — 

0.017 uf " 

(1075') 


JC 


3 O. 7 W KF 22-0-66 HO 




47.11 KF X a/KP + 0.3 


t :. 

T 

16.37 KF 22-H-88 HC 

7.37 
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Figure 1: Ccnfiguratloii of the D“Ob/H“38 Junction Lnpedance 
Con 5 >en 6 ator 

Figures 2 to 5 - Frequency- Attenuation Characteristics of loaded 
Cables 

Figure 6; Frequency- Impedance Characteristics of Loaded Cables 


Tibia I “ Attenuation at 1000 cps and 68 *^F< for loaded Trunk 
Cables 

Table II - Reflection losses in db at 1000 cps 


1. GENERAL 

1.01 This section is intended to provide REA borrowers, cousilLting 
engineers, contractors and other interested parties with in- 
formation for use in the design and construction of REA borrowers 
telephone systems . It discusses in particular the engineering 
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and transmlsaion consider at ions involved in the selection, 
layout and construction, of trurUc cable loading systems which, 
in combination with vole ©-frequency repeaters, are required 
in order to meet transmiaaion objectives. This section also 
provides technical infonnatioa for the correct interconnec- 
tion of different types of loading systems vjhen necessary. 
Quantitative information is also given in the tables con- 
tained herein for carrying out the required transmission 
ccanputationa . Though this section assumes the use of cable 
having tvlsted pairs insulated with polyethylene, informa- 
tion on paper insulated cables is included in Table I. 

1.02 This section is reissued to reflect various changes in trans- 
mission practices necessitated by the conversion to direct 
distance dialing,^ bbe operation of EAS trunks at lower 
losses, and the general trend toviard improved transmission 
objectives. Economically priced transiatoriaed voice fre- 
quency repeaters capable of high gain, more economical facil- 
ities and the inqproved characteristics of D-66 loading sys- 
tems allow fuller utiUzatioa of finer gauge cables to make 
these objectives economically realizable. This section 
supersedes Section 431# laaue Ho. 1, dated May 1955 
addenda thereto. 

1.03 Importance of Loading System Uniformity 

1.031 The successful operation of voice frequency repeaters 
in both, e:rtanded area and toll trunk plant, requires 
that close attention be paid in design and construc- 
tion to obtain nearly uniform spacing of loading 
points. Non-uniformity in the loading spacing lowers 
the structural return loss,* which in turn reduces 
the gain capability of the repeater. Non-uniformity 
in cable mutual capacitance in different cable reels 
also lowers the structural return loss. Cable mutual 
capacitance and loading coil uniformity are obtained 
in REA boiTowera * plant by suitable cable and loading 
coll specifications. 


1, Refer to "Notes on Distance Dialing" 19^1, by the American 
Telephone a nd Telegraph Contpany, Engineering Department. 

2, For the definition of "strxictural return loss'* and a full discussion 
refer to REA ® & GM-445, "Bow to Make Structural Return loss 
Measurements. ** 
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I »-v /k '~i0 '■ftii'— 

1.032 Over the past :/ears uiis ccastantl?/ de- 

trunk plant has been =a,%lafc>^rea - — ^proved and ex- 

creasing due to tiie .sro*ti.ng S^aa^lagly 

paoded servicet?. > ’^w 7 ei i^<^Q\iency repeaters 

net losses requires cnat that the 

cable planti including tba tjpa « of ef- 

over *lcb gam. m turn, the 



1.033 


Because of the necessity 

local factors, precise .loaimg f 

tainable. Paragrapns —.lerabJe. It 

mg spacing deyiaticns 

should be kept in ^ •rsiu.r.ti tuu the 

these para^aphs are /,7 vnere 

maximum which are '- 1 ^ 1^' 0 e'rery effort 

the terrain and otnex’ local ^ ^ pg„ 

Inld he made not only f to? t- tinrofe me 

pec iaily during 6t<^inj5 ;7:'77 .-hese litaps 

deviation limits 01 tliese 
are taken tne benef its cf iii,.gnei ^ 
repeater and plant ram. '7,"*] 
should improvements .tr ipeci.:...’. »■-• 
are more easily attCiCai 


tiCfSf 


-5 1' -V 


ir .saias, reduced 


• G 7 ;i ^ fi3 • i a c 3 ar .y 


I..O 34 impednnce 

losses resulting from arx.>.s -o^^. ^ .;.actrreon 

missiog, reversed '"J a -i . ana or other 

value loading coil -a -' - or -’itaaters oper- 

cauaes , adversely f listed 

ating over the cable, -a •••^'' 7;“:: " . . ., ■ ,-,.-..eot load 
above, the irreg^rimes resn^ii.. .-a 

spacing may be the mo i>t ^ jini ve U-regu- 

fact that taey oeccwe T.vr.'n-. ^ ••'-'' produce 

iarities whereas tne .^xx ^ 77-irct .;he performance 

major irregularities xT. - "'"tiaV'^r"'rr’"eg'-il.=>.^ibie3 as a 
of voice frequency repeaters . .to -ri - e 
result of missing, tevercen, ccu„im-a,, oe 
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loading coils or long bridged taps con be detected 
and located by using the measuring procedures set 
forth in REA TE & CM-408^ "Facility Requirements for 
Voice Frequency Repeatared TruaJis," paragraphs 10 and 
11. This assumes that an impedance irregularity has 
a single cause. Where several causes are involved the 
detection procedures become more complex. However, 
once the major irregularities have been found and cor- 
rected, the final structural return loss will be re- 
duced by the loading spacing deviations present. In 
general, detection and location of smaller ln^edaace 
Irregul^lties requires personnel skilled in the art 
and equipped with highly specialized test equipment. 

In addition, the procedures are invariably time con- 
suming and for these reasons not readily adaptable to 
RBIA borrowers' plant. In buried plant construction 
the correction of load spacing de’/lations may not al- 
ways be practical or economical due to the limited 
number of pedestal locations. For these reasons it is 
again to be emphasized that, due .to the complexity, 
cost and highly specialized nature of the work in- 
volved in detecting, locating and correcting impedance 
approach shouJai be to. prevent these 
irregularities from occurring rather than in trying to 

tion stages this may be accomplished as follows; 

(a) Consider the jjzqportance of uniform load 
spacing. ^ 

somewhat more conservative 
than the m aximum allowed. 

( 0 ) Use qualified personnel for staking plant. 

“sSLr 

tlum tio.. rtilch constat other 


* Area Coverige Ebslgn 
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required oa the as -built plant to deteimlne its suita- 
bility to repeater application. REA Bulletin 383“2> 
"Acceptance Tests— Outside Plant," establishes the extent 
of required testing, and BEA TE & CM-^+08, Figure 2 , and 
REA TE & Figures llA and IIB, provide step-by- 

step procedures for making the actual measurements. 

LDADim ASD IQABIRG SYSTEMS 

2.01 Theory of Loading 

2.011 The primary^ purpose of inductance coil loading is to im- 
prove the tranamlaaiott of intelligence by substantially 
reducing the circuit attenuation, and by making the cir- 
cuit attenuation approximataly uniform throughout a pre- 
determined frequency-band. These transmlsaion benefits 
are obtained by aerially inserting coils having uniform 
inductance valuea at regularly recurring intervals along 
the circuit, but are limited to a frequency-band below the 
loading cutoff frequency. Above the loading cutoff fre- 
quency, there la a substantial suppression of transmission. 

2.012 The attenuation" mprovement obtainable with loading cor- 
responds somewhat to the increase In iixq^edance that re- 
sults from the increase in inductance. This can be under- 
stood from the fact that in the (low-ia^edance ) non-loaded 
circuit, the series dissipation losses which are propor- 
tional to the square of the line current are ordinarily 
very large relative to the dlelecti'ic dissipation (i.«. 
shunt) losses which are proportional to the square of the 
line potential. When the line impedance is increased a 
suitable amount by tbe loading, the decrease in aeries 
losses is much greater than the increase in shunt losses. 
Economic considerations usually prevent the use of high 
loading impedances which would result in shunt losses be- 
coming as great or greater than the series losses . As an 
illustration, an exchange type 22-gauge cable results in 
less loss when, for example, D-^ or H-80 loaded (approxi- 
mately 0.8 dh per mile at 1000 cpa) than a similar 


, 2. "Inductive Loa d i ng for Bell System Telephone Circuits" by T. Shaw, 
Be|^ System Technical Journal, January 1951 • 
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capacitance 19-gauge cable 'wblch Is non.-loaded (ap- 
proximately 1.3 db per mile at 1000 cpa). Therefore 
it becomes more acononical to use loaded 22-gauge 
cable pairs than 19-gauge pairs non-loaded. 


2.013 The inductance also offsets the effect of the cable 

capacitance which is always present between the wires 
of a cable. This results in a more natural soimding 
circuit since the effect of capacitance between wJ.rea 
is to cause more loss for the higher voice frequencies . 
Bie combination of the value of coll inductance, the 
gpacing bet ween loading coils and the mutual capaG l- 
tance of th e cable between loading points dete-ririiwA ~ 

^_e atten^ uatlon, Impedance and baj^ pass chara cter^ 
letics of the particular loading system. ~~ 


Jd.OlH- 


a.015 


toother way of ’rleving inductive loading is by compor- 

pass filter where the inductance 
of the loading coll cong)ri 3 es the series arm while the 
oabi. MUW oapacltabce the eh™ ^ 

a Single low pass filter and further, one where com- 
ponents have no losses, there is a frequency band Shere 

SerfirSt (passband) and another band^ 

where th« (rejection band). The point 

Uhlike a termed "cutoff frequency. » 

cable beha^f!i^ra“of°^^^^ " 

With the capacitannp F filters in caacade 

eectloa e2?S“rone m ^ 

filters (loeSe^ eectlLel L liMvldual 

eocompiieh the purpose Intended In order to 

aectlon «uet loor?eeeohably Soee^o 
npaclbg, eapaclteuce ead iSuol^ce 

-Htnned, the perfo»e^”e'th1r«“« "e 

^ cbeeged ebd the res^S^*"if filter 

loaded cable. Therefore « bbe entire 

^ the capacitance of only one^Lf^ MuctaSSe * 

Sradea tie band nass nerf^r^? loading section de- 

^lon. Some coWon plant^t^g whi^* filter 

about are; ^ ^ may bring this 


(a) 


doubled 

value loading coils. 


dp or incorrect 


- 6 - 



HEIA TE St CH-431 


(b) Bridged taps, between eoila, doubled-up cable 
pairs or extra long or short loading sections. 

(c) Irregular (non-uniform) loading spacing. 

In summary, in order to effectively utmze the ^raM- 
misaion advantages of loading, the loading mua p P 
ly designed, installed, and maintained. 

2 016 A. nott-phantomed loading coil has two separata^lmc^ 

tance of awsh wlndlog of the loading “ 

vitndiog U open olrnultad, baa approxlnatelir toe aanie 
Bie total indnctaace of a loadl^ 

IS “tolob reanlta toea 
Wired to the cable pair), ia ^^pproxlxiatelyfo^ times th. 

inductance of the individual of^he in- 

fore, the additional inductance contrihuti^ of ^ 

dividual windings by virtue of being 

core is approximately fifty percent of tbe iSiSi 

t^L. ms additional Inductance is 

inductance” and It acta to aid or negate remini^ 

Sductance contributed by the individual windings. For 

tola raaaon, ”''”“2*ato«'mflrSSy’'^toea tof total 
Other must he avoided since this greaw reuwisB um 

aeries inductance provided by the loading coll. 


it ion od 


stems 


2.021 


lijadlng systems are designated by a lettw 

full section length between 

numeral denoting the inductance of tbe coll 

henries In voice frequency loading syatema the ^ill sec 

tlto ItogtS g^a^aUy uaedVa 6000 and “500 feat wlto 

mU lod^ancea of 08 and 66 miUlbearlea . The following 

table covers some of these load in g systems; 


D-66 

H-d8 

D-ea 

B-sa 

B-44 

Sr.44 


4500 

6000 

4500 

3000 

3000 

6000 


Coil Inductance-ah 

66 

88 

88 

88 

44 

88 
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The cable mutual capacitance associated 

loading systems usually has a ncminal capacit^ce of 

0.083 microfarads per mile. Such cable is re 0 

to as "exchange type" and abbreviated HC in sections 

for convenience. Loading syateiM, however, may also 

be used with "low capacitance" (toll-sr^e) <^^t)le 

which has a capacitance of 0,062 or O.066 ^crofarads 
per mile. To distinguish the application between 
loading systems of the exchange and the toil type|. the 
designation of "10" is usually attached after the load- 
ing system designation for the latter application. 

For example, the designation 19-H-88-IO refers to the 
application of H-88 loading on i9“gnnge low capacitaaca 

f»Ahl A - 


2.022 The above designations refer to circuits from which no 
additional or "phantom" circuits are being derived. 

In situations ^ere phantom circuits__ are being derived 
there is an additional designation of the loading sys- 
tem to denote the value of coil inductance for the 
phantom circuit. For example, the designation H-88-50 
indicates that the side circuit is being loaded with 
88 millihenry coils at every 60OO' while the phantom 
circuit utilizes 50 millibenry coils spaced at the 
same intervals. Over the past years the practice of 
"phantoming" has gradually been discontinued. 


2.03 Transmission Characteristics of Leading Systems 

2.031 The moat significant transmission characteristics of 
loading systems are: 

(a) In the passband region, there is a reduction 
in the magnitude of the attenuation. 

(b) Bie attenuation is reduced hut not eliminated 
due to the cable and coil resistance and 

some cable conductance dissipation. 

(c) ttere is a cutoff frequency by virtue of the 
luaped loading. (Distributed loading does 
not display this characteristic,) 

(d) ‘tte Ispedance has been raised. 
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(e) At the cutoff frequency and beyond, the attenu- 
ation of the loaded cable is higher than that of 
non-loaded cable. 

(f) Increasing the loading coil inductance or los- 
ing section cable nrutual capacitance, or both, 
lovers the cutoff frequency. 

(g) For a- given loading spacing, increasing the load- 
ing coil inductance decreases the attenuation 
per mile vhile increasing the cable mutual capac- 
iiysmc© incxBSLQQB 'tbld sttBUUfttion* 


132 Quantitatively, the attenuation, tn^edance and cutoff fre- 
quency characteristics of loaded cable are given by a 
following simple expressions for the passband region wnere 
the loaded cable behaves almost exactly li^e a correspond- 
ing smooth line. The precise fomulas for attenuation and 
impedance are much more complex than the ones show. For 
1000 cps computations, however, formulas (a) and can 
be used to a very good approximation. In fact, formula 
(a) and (b) are reasonably good up to 0.6 of the 
frequency, (See for mu l a (c) and Figures 2 to 6.) The 
units are resistance in ohms, capacitance in f^^s ^d in- 
ductance in henries, and they must be . 

same unit length. A mile basis is normally used for formu 

las (a) and (b). 

(a) The attenuation in db per mile is: 


a « 


k.ZkB. 



B includes both the cable and loading coil 
resistance. 

(b) The nagnitude of In^pedance in ohms is; 
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(c) Tie cutoff freciuency itt cps is: 



In fonnuJ^ (c) both L and C must ba expressed 
on a full loading section basis and in 
dition L includes the cable pair inductance 
of approximately one millibenry per mile < 

For an O.083 microfarad per mile cable tlae 
cutoff frequency is about 3500 cps for H-08 
and 4600 cpa for D-66 loading. 

2.033 Representative line constants for 19 and 22 gnugs 

exchange type and low capacitance plastic “insulated 
cable pairs are tabulated below. The unit of length, 
is taken as one statute mile. These constants are 
practically Independent of frequency in the paaab and o 
of D-66 and H-88 loading systems. The resistance per 
mile of the soft copper wires of the cable varies vrLfch 
temperature and the tabulated resistances are for 66®P« 
(20°C). In the voice frequency range, the resistance 
is about R {1 t ,0022 t) where R is the resistance at 
68°P. and t Is the change in temperature in degrees 
Fahrenheit. For t + t 50 degrees, the resistance la 
R (1 t .n). ,, 




Lina 

Constants per 

Mile & 68°F. 



HC 




Ifomlnai 


or 

Resistance 

Inductance 

Conductance 

Capacitance la 

Gauge 

I£ 

Obnis 

Millihenries 

Mlcrombos 

Microfarads 

19 

HC 

35 

1.0 

1.0 

.C83 

22 

ac 

171 

1.0 

1.0 

.083 

19 

W 

95 

1.0 

1.0 

.066 



2.0331 

trading coils 

* ^ _ 1 ^ 

not only add 

series inductance 


In the cable pairs but series resistance as 
well. These resistances are tabulated below 
for a temperature of 60^. 
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Typical Reslataace of a Loading Coll la Ohma 


Freq.uflacy-cps Loading Coll MllUhenrlea 



66 

88 

100 

6.2 

7.9 

300 

6.4 

8.1 

500 

6.6 

8.3 

1000 

7.1 

8.7 

1500 

7.5 

9.2 

2000 

6.0 

9*8 

2500 

8.6 

10.6 

3000 

9*5 

11,5 

3500 

10.4 

12.6 

4000 

11.7 

14.2 


2 » 03 ^ CBie above line cons'tar^'ta were uaed to calculate the trana- 
mlaalon Iobb In db per mile for the passbaads of D-66; 
K~68 other loading aysbems. ®iese losses are plotted 
eLg^lnst frequency on attached Piguree 2 to 6. Por a given 
I p a d lrg aystam stich aa 22 gauge D-66, the losses In db per 
mile vary approximately directly with the resistance per 
wiH 1 a vAiich; in turn, varies with temperature as discussed 
under Paragraph 2.033* 


2.035 "Qi® characteristic impedance of a loaded circtiit is theo- 
retically the impedance as measured at a terminal of the 
circuit when it stretches to infinity. However, a circuit 
of* finite length may be terminated in a proper precision 
'balancing network at one end and then the characteristic 
iB^edanco will aliaoat be exactly as measured at the other 
end. “ISie characteristic impedance depends upon the frac- 
tion of a loading section which the measuring instrument 
faces. Ae a reference, characteristic impedances for i^d- 
aection are quoted. Figure 6 shows mid-section ohar^ter- 
istic impedances plotted against frequency for 22 Md 19 
gauge exchange type cables D-66 and H-88 loaded. It should 
b« noticed that for exchange type cables the impedance for 
H-88 irises much more rapidly with increasing fre- 

quency than that for D-66 loading. A rapid rise ^th fre- 
quency la undesirable from both tiTjnk and subscriber loop 
transmlasioa considerations since this rise reduces avail- 
able repeater ^ins and degrades voice frequency response 
obaracterlatica . 
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a . CU A pplloationa of LoadloA Systems 

2.G41 'Hje D“66 loading system is the type of loading gener- 
ally recommended for use in fffiA borrowers * plant with 
trunks over non-q.uadded cable pairs • This recounnend.- 
ation applies to repeatered and non-repeat ere d circuits » 


2.042 For oew construction where the facilities are com- 
pletely within the REA borrower's territory, they 
should be D-66 loaded for the entire trunic length . 
The load spacing and end section requirements are 
discussed In Paragraphs 3 and 4, respectively. No 
junction impedance compensator is required where the 
entire facility la D-66 loaded. 


2.043 Per new construction where the REA borrower's facilities 
connect with those of another company, it is desii*able 
that the entire trunk be D-66 loaded, for exchange type 
cables. Where the D-66 loading is used for such ap- 
plications for the entire facility it results In certain 
advantages for the con^ianies involved. Some of the ad- 
vantages for trunk applications are; 

(a) Greater ease in meeting transmisalon obV ■ 

tlvea . ' 

(b) Improvement in the circuit structural return 
loss . 


(c ) EllMnatloa of impedance compensators at the 
toll center where toll trunks are involved. 

(d) Bl^nation of junction impedance coaroen- 
satora • 

Siclf frequency response character- 


(f) 

(g) 


More adaptable to some forms of data 
inission or other special 

Improved crosstalk less characteristics, 
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In addition to tbe above factors D-66 is compatiole vith 
H-88 ioading inasmuch as their nominal 1000 cps attenuation 
and ImpstianGe for same gauge cables have been mads to be 
the same by design. Therefore the use of D-oo loading does 
not introduce new or non-standard impedaaces in the tele- 
phone plant. 

2.04-31 Requests to connecting companies should be made at 
the earliest possible date during the ACD stage 
and all retired technical information on D-66 
loading requested by the connecting company should 
be provided . 


2.044- For ixsw construction where the REA borrower's 

connect with those of another i^ompatiy ’diich has exist. 

H-3b loaded exchange type cable, it may not be practical 
for the connecting company to furnish D-oo loaded caoles 
for its portion so as to meet the REA borrower's D-oo 
portion. '.^ere the connecting company has so l.’jdicated, 
the resulting facility makeup will consist of D-oo loading 
for the REIA borrower's portion and H-88 loading for the 
connecting company's portion. In order to minimize the 
reflection (low return loss at higher voice frequencies) 
which would exist at the Junction of the two loading sys- 
tems if the two were collected directly , an impedance com- 
pensator is required at the Junction. The pui'pose of t.:e 
Junction compensator and how it is applied is further iis- 
cussed in paragraph /.O. 


2 045 Existing cables which are H-dS loaded and are being e.c- 
^ ^ Snde^ may utilize 0-66 loading for the extension portion. 

This treatment, however, 'rfili not improve the overa . 
cult due to the more restrictive cutoff characteristics o 
the existing H-88 loading, which will be controlling. 

Where, nevertheless, H-88 circuits are being extended ^^.h 
D-66 a Junction compensator as discussed in paragraph ('.o 
will be required. 

2 046 Prom the transmission standpoint it is desiratie to Imd 
Stlonal clroults on a D-fi6 leading basia Ln 
Which contains H-SS loaded working cable pairs .t.dcr t..e 
Tame sheath. However, this may not be attractive trom 
standpoint of having fwo different coil locati^s and_ ^ 
diffSent values of loading coil inductance. The decisj^on, 
SereJore, whether the additions in the same cable sheath 
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abouM be D-66 loaded should depend oa such factor© as: 


(a) Whether oonual or special transmission ob~ 

J actives can be met by the continuation of 
the- existing t^ of loadings 

(b) Availability of suitable pole; ready-acceaa 

case or pedestal locations for 66 mh n g 

coll placement* 

(c ) Maiatenance considerations « 

(d) Other factors. 


It la not generally recommended that H.8a working trunk, 
^ntea vnlch are a.68 loaded in their entlretrSf ch^«<l 

propaaed affecting the entirf ^ changes are 

consideration shSSld be given 

o£ c<»iverfcing to D-66 ^ feasibility 


2.(M 


loading system for REA^bor^SJ^^ recommended 
cmistruction and also fS^JSf ^ ^ 

^tlng plant which il l fif additions to 

loading applicable. 

W in REA borrovSJ^ pf^t 
appoints of plSt 
-i^^irable to keep^! 

fcvSJ^^ to a minimum. xuJ^u VT of load* 

^ ^ =«aot h. 

SSS “• O' 

C®) ClrcuBstaacea uh 

»«• -JotwMc,'^ "twtiOTs njr 

Brobi.i: 
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LOAD SPACING REQUIRE*MENTS 

3.01 As dlBcuflsed In paragraph I.03 fche increasing application oi* elec- 
tronic instrxiraeutalitiea to voice frequency trimk plant as well 

aa its successful operation requires that close attention be given 
to the design, staking and construction methods to obtain uniform 
loading spacing. Because of the necessity, however, of dealing 
with practical plant considerations precise loading spacings are 
not usually attainable. The paragraphs below discuss the extent 
of the loading spacing deviations which are permissible and also 
the type of deviations Vfhich are least objectionable from the 
transmission standpoint. 

3.02 Loading spacing irregularities in trimk cables can be generally 
divided into two categories: 

(a) The amount by vAiich the average of aU. full loading 
sections depart from the standard spacing. 

(b) The amount by which each full section length departs 
from the arithmetic average ccaaputed for all full 
sections . 

Paragraphs 3*021 and 3*022 below discuss the specific effect which 
. these deviations have on transmission. 

3.021 Maintaining the average spacing close to the standard spac- 
ing (Paragraph 3*02 a) minimizes the chance of departure 
from sxandard attenuation, impedance ciwract eristics and 
cutoff frequency. In axidltion when the different cable 
pairs in the same trunk group are also uniform in their 
capacitance characteristics this eLLso results in uniform 
attenuation, Inqpedance and cutoff frequency for all the 
circuits which is hiic^ly desirable. The iii-easons for main- 
taining the average spacing close to the standard are: 

(a) To keep the measured losses close to the expected 
losses. For example, this is Important during 
acceptance testing of plant and on a routine 
basis thereafter. 

(b) To avoid special engineering of voice frequency 
repeaters which use standard network configurations 

(c) To avoid treuxamisaion contrasts between circuits 
in the same trunk gz'oup. 
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Waea the average spacing departs 

spacing, the structural return loss Is^so a^ected 
ia addition to the factors discussed above. The 

of this iapalimat dapenda solely on the nominal 
f’-ecueacy cutoff characteristics of the loading system 
in question. The lower the cutoff frequency of the 
loading system the greater will be the impairment (lower 
structural return loss). In a loading system such as 
H-S6 this impairnient is considerable, whereas in the 
D-66 loading system it ia of less practical impoirtance 
due to its naturally higher cutoff frequency. 


3.D22 Maintaining the individual sections close to the average 
spacing (paragraph 3.02 b) reduces the amount of Inqped- 
ance Irregularities which unequal sections Introduce 
and results in good structural return losses. Since 
this item affects the structural return loss in a major 
way all efforts sbould be made to achieve uniform spac- 
ing to the greatest extent possible. To illustrate, 
consider a loaded trunk cable (A) whose average spacing 
length exceeds the stan d a r d spewing by 2^ apd in which, 
ia addition, ail individual sections are eq.uai in their 
lengths. A cable having its loading points thus spaced 
will havs substantially better structural return loss 
characteristics (actually the structural return loss 
theoretically will be infinite ) than a loaded cable (b) 
were the average spacing length Is the standard spacing 
but with indi’/ldual sections longer and shorter than 
the average. 


ooatrcuL.nh1^Si“dual 

Structural return loss. spacing results in good 

adhere to standard ‘i — sa im p ortant to 

laaw. ‘ < iT r as lth-wa=i n— 



“ctlon llj.ua- 

ua«i for computing loading apao“g 
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deviations. A short Analy ala which is presented with each 
example on the relative importance of the type of spacing 
deviation in question will be found helpful in complement- 
ing the discussion of Paragraphs 3 *02 and 3*03 above. 

032 Where capacitance building -out Is used to build out loading 
sections to normal the computation of the spacing deviation 
discussed in Paragraphs 3*0^ and 3*05 below should Include 
the equivalent of the amount of CEO used. The procedure for 
doing this is shown in Illustrative Example No. 6. 

lading Spacing Requirement a - R.M.3. Method 

O^-l The deviation of the average spaciig from the standard 
spacing should be within - 3^* 

042 The H.M.3, value of all the deviations of the individual 

spacing lengths from the average spacing should not be more 
than 

,0ll-3 The loading spacing devtationa outlined in Paragraph 3*0^ 
above using the R.M.S* method of caa^utation is not at this 
time a requirement. It is nevertheless recommended as an 
objective. Prom the tranamiaaion standpoint, control of 
spacing deviatlona on an R.M.S. basis la hi^ily desirable 
aa it results in the beat possible utilization of the trans- 
mission capability of the loading system. It should also 
be noted that control limits on individual sections are not 
necessary by this method, due to the self -protecting char- 
acteriatica of the method on maximum individiial deviations. 


.04^ Where it Is possible to use the R.M.S. method of Paragraph 
3.042 the computations should be m ad e in accordance with 
the procedure shown in the Illustrative jBxamples 1 to 4 
herein. 

aading Spacing Requirements - Arithmetic Method 

.051 Where the application of the R.M.S. method for dete r m in ing 

spacing deviation requirementa la not practical due to stak- 
ing and/or construction or other local factors the method 
discussed below is considered acceptable. 

.052 The deviation of the average spacing from the st and a r d 
spacing should be within t 39^* 

.053 The average of the differencea, with signs disregarded, be- 
tween the Individual spacings and the average spacing should 
be within 2.0^. 
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3.054 The de’/lation of the length of the longest Indivlduaj. 
secticQs frcn the average spacing should be within 

3.355 Prccedurea for computing the above deviations when it 
beccases nficessary to use the arithmetic method of this 
paragraph ore shown in the IHuat native Examples 5 

6 . 

^ IS 3 isquiremeots 


4 jI The objective for office end section length is one-half the 

length Co. 5) of the ooimal full section. In cases where it la 
act practical to meet this objective, an end section length 
Vi thin 0.4 to 0,6 can be considered. The choice of the 0.4 
xer.gth is preferable to the 0.6 end section. The published 
tramaiasion infomatlcn contained herein on loaded cablea 
asst^sea 0.5 end sections. 




■ auction' in loaded trunk cablea refers to the leiurth 

w. ^abie between the central office and the first loadlnc^,^?^ 

m wU os Intenaedlate distributing frame if eSstiiur 

Of loading, the ^ ^Iven 

t^olce f«quen^ ra^e JaStJr? variation across the 
fjrent length end^cUoSf 

yi«uw 2, illustrates thT^ff^ k 2, 

aectica has on impedance at length of an end 

borrovers- projects, end sectiS ^ ^ 

synoronnoua since ^ =apacltance" 

f or the entire capacitance cable la 

^Ibted With the local la nnt “apacltancQ 

‘^®“ters) in“S^ ^isnlficant. 

be considered con^anles the t^^end 

tiwt nhv«<«..i , 12ie total end ^ /^o-cai end section 

«» =«iS 

Um omi- but M, Int3^“* loading point 

•<^^t?““ point 01 

B AlfTV 


*> -.a^XTio* c«:*b»io«s 


S'«'S >1 1b mm>ft 
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)U.ld stiairb fr om Qacb. of 'bhe offJLcsa Involveci And procee d lo the 
section of the opposite office to the .junctioo. goi-nt . The re- 
Ltlng loading section, at the junction point, which in most 
stances will be aho^^ter than the normal full section should be 
Lit -out to a full section by the use of building-out capacitors 
Lch are discus aed in Paragraph 6.0. It is not necessary that 
j junction point (building-out point) be the geographical center 
tvreen the two offices in question. From the standpoint of re- 
ater application, it is preferable that the built-out section 
as far away electrically as practicable from the repeater loca- 
3 na. Example 13 is Illustrative of the building-out procedures 
3 d for new construsition at the Junction point. 

D12 It is recommended that at no time the plant be staked and/ 
or constmicted in a manner whose purpose is to eliminate 
the buildilng-out capacitors at the Junction, when doing 
this upsets the regtilarity of the load spacing which is 
possible when using building-out capacitors. 

are more than two offices .are involved the procedures for atak- 
g are the same os those of Paragraph 5 “01 considering the 
ink groups between offices separately, la cases where a portion 
the cable facility trunk route is provided by a connecting cem- 
oy, stakliig should ccmmence from the borrower's central office 
d proceed toward the boundary point, Examplevl4- is illustrative 
the building-out procedures used for new conBt:^ctlon at the 
action point, 

e requirements for loading subscriber loops ore different from 
ose for loading tinmks and are outlined in REA 'PB & CM-A30 
ubscriber line Loading.” In situations where both trunk and 
bscriber circuits are contained in the same cable sheath for a 
stance from the centi*al office the plant shouJ.d be staked to 
et the applicable trunk spacing requirements, up to the point 
ere they separata. 

rmally, the construction of aerial cable plant should follow the 
aking sheet instruct ions fairly closely euid the spacing of load- 
g colls can be relatively precise. However, the lengths of bur- 
d cable during placement can vary subatantially from those shown 
i the staking sheets. Additional footage of burled cable may be 
tquired to plow around culverts, install aerial inserts, etc., 

«L of which will affect the location of the te rm ina l housings 
anned for loading coils. For this reason, burled cable plant 
lould be constructed from the central office out toward the ex- 
•emities of the lead. This is especially important- for loaded 
nmk elrculta between two offices, in which case the cable should 
i installed starting at each office and proceeding toward the 
;her. Construction of these leads should not commence until all 
f the material la on hand to permit the plowing of cable in the 
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proper sequence. Plowing iba cable iQ the pro per aec^uence 
aad u 3 ln^ the sequential maricing bn tha outaldg of the cable 
jacket Is the most effective way to Insure that tha loadliiij^ 
will be accurately spaced. 

f:Ai»ACITAIfCE BWIDIJIG-OUT (CEO) PRCX:EDUHES 

6.01 Capacitance building-out (referred to aa CEO) aa applied to 

kautid trunk cables offers a means of Ijnpi'oving t]ie tronu- 

aijsion irregularities resulting from loading sections which 

depart from standard lengths. This may come about from ab« 

noraally short or long loading sections in comparison to 

standard. In new construction capacitance biiildlng-out will 

conimlly be necessary at the junction point in order to meet 

the end section objectives of i^agrapb 4.01 and using the 

st^ng procedures of Paragraphs 5-01 and 5.02 above for moicinw 
'.niu possiDie. «wtj.ug 




6.03 


Plmit ihSud^t 

essentially corrective in oatixre anr^i- is 

practice when laying out th^ la not a reconunended 

Ita^ng and coStio^ Correct 

^ctioi^. except, at bhi ldlng-out m all, 

„e. 

djsflimllar loading systems Joining two 

SmSSU “P«olal case 

6.022 The method by whif>h +v, 

cable using CEO if attenuation of a , . 

^ 1“ J^agraph 3.032. 

«» standard length may be*bitlt^u“jy!® less 

ni^nr?aMe'“p" (“ithont the need of open. 

-‘‘‘'“It 
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! use of building out capacltora of item (a) ia uaually the 
it economical procedure. Cases may ariae> however^ iu 'whicb 
! aeries insertion of building-out cable of item (c ) would pro- 
le a better solution^ especially if the conductor involved is 
gauge or finer in which case the resistance coiaponent must be 
io eujcounted for, and/or vrfiere the length of cable to be built- 
; ia significant and where the particular application requires 
,3 Eidded Improvement on return loss. An illustration of the 
satment of shori; sections 'with CEO and the method used to^com- 
:a the amount required is shown in IlluBtx*ative Example Id. 

livldual loading sections In existing plant which are loogor 
m the standard length req.uire, in addition, the use of a load- 
15 coil. This loading coll inserted in the section in question 
a distance from its adjacent loading coil results in 

standard loading section. ’Ehe remaining shore loading section 
then treated as described in Paragraph 6 . 03 . An e:£am|?le Lllus- 
itive of the treatment of a long section vrith CEO and the method 
2d to compute the amount req.uired is shown in ILlusti'ative 
ample 16. 

i sections in existing plant which sure shorter than normal may 
built-out to their required value with CBO lo^nated at the of- 
ce. Illustrative Example 16 shows how this is accomplished. 
i sections in existing plant which are longer than normal may 
built-out to their required value by a loading coil and CBO 
eatment located at the office. Illustrative Example I6 shows 
w this is accomplished. 

ilding-out capacitors may be installed for both new or existing 
ant at loading coil locatious . When installing the buxldlng-out 
pacltors at such loading coll terminal locations, it is Imperatiye 
at steps be taken during installation to insure that the build^ 
g-out capacltora are located on the correct side of the loading 
'll of the loading secti on v^hlch they 'iri.!! build-out. A good 
ithod for insuring this is by making actual continuity measure- 
nts with a d-c ohmnietei* at the point of installation to the can- 
al office, rather than relying on cable d;Lrections, cable color 
irkings or other such physical markings. If this is not done , 
le possibility exists that the bui.ldiDg-out capacitors may be con- 
icted to the wrong loading section which will augment the Irregu- 
trlties and compound the difficulties . It will be fouixd that des* 
jiq.-i'- 'iTie ingat.i.on for bm.ldijag-out to be consistent on either 
le office side of the loading coil or its field side fo't* the en- 
.re route of the trunk, but not both, will reduce the possibility 
? errors. 
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6.c6l From the traosmlsaion standpoint, the building-out 
capacitors can be installed at any point in the Ir- 
regular section ^ich they build-out. An inata.U.atlon 
point which does not entail the rialca outlined in 
Paragraph 6.O6 is to locate the b)iilding~oub capacitors 
at a pedestal or pole where no loading col, la ore pres- 
ent. 


7.02 


b.Cff Vflien using capacitance building-out techniques for the ptw- 

pose of treating the situations outlined above, the capacitors 
should be specified as per REA PE-30 Specification, ‘^latest 
issue, thus assuring the required transmission, protection and 
physical construction performance. 

THE D-66/H-88 JUNCTION IMPEDAirCE COMPENSATOR AND APPLICAQIEONS 

7.01 The device used to match the Inpedance of the H-6ti loading ' 
system to that of the 0-co loading system when it is inserted 
at a point of interconnection (junction) of the two loading 

orswt^'M^^on Junction Impedance conqpensabor, " 

or simpxy Junction compensator.” ^ 

loaded trunk facilitles^wSf^ ^ iwpedancea of the H-88 

at frequenolea hlgder thL^proajii?^? 
ance match between the D-66 md 

becomes progressively poorer if t'woii.i.tl.es 

interconnected. Operation of vq 1^>« ^ys'benw ore directly 
expected to be imSired due to fh^ repeate^Tmay ha 

at the point of such direct resulting poor return loss 

return losses at these’hiS'er «*5bain adequate 

he rising impedance of the H fifl ? sboies, it ig necessary Chat 
ter impedance of the llel af de^ 

- r««-iTiorB are termed "shunt" 


°S-30 3p.ctflc.tlco, Buid41cg,out Capacitor. 
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while the latter are tenned ••aeriea." The ehant capacitors each 
btiild-out the D-66 and H-Sa natural cable e^ sections, respec- 
tivelY, to 0.8. This results in a 3^00' effective end section 
for the D-66 and 4800' for the H-88 loading system. The cb^ac- 
teristid iint>edanGea of both D-66 arid H-88 loaded cables at 0.8 

conponenta and aegaal.a ““iSfar neg- 

quancy. Since the of a aUtpla load- 

ative reactances, the positive ^ ^ tr. annul the total 

^68 loaded system hacome 

better matched. 

V.04 ®a codpoaeat mhaap of the “‘f d^?:f?h: loSra; 
sator is shown in Figure i. It should ne 

coil and series capacitor components ^g^blL^ The 

Figure 1) are somewhat different lor 19 and 2^. ® ° ct and Cp 

SSnt of'halldlhg-out ^Tu^r ih 

Hn ^p^^nlre are the same for eitner xy or cc tsauo > 4 . 4 ,„ 

in Flgwe x; „ lanjrth of the cable at the and section, 

value depends solely on the lengtn or natural cable 

One or both shunt capacitors may be omitted i- «h . ' « q it-n 

2d 2ctloa oa one or both aides of the oompaaaator la 0.8 of Us 

respective full* section ♦ 

*7 nki Where mixed gauges such as 19 and 22 gauge are used at the 
2^2lSf^lnrthe oonflguratioa of the .luaotioa ^mpen- 
Ltor should be computed for the gauge having the gpreater 

1000 ops loss. 

"“HErSSrHSs.Fsiir.ss:. 

2 t2 ca^oZt^ia of the ahmt capacitors la tha coMpenaator or 
In thalr partial or total allminatlon. 
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nHnubei* of coiiipsnsiitoi'* iinlbs shoixld be specified, for 
s^ea^aa part of the aonnal circuit requirements. 


" 7* rtd D-66/H-88 Junction in^edance compansatora and all applica- 
tion examples shown herein require the use of exchanj3;e type 
cables for both the connecting company and the ERA borrowers ' 
jxsrtions. It is the exchange type cable which makes inter- 
connection of D-66 and H-88 loaded cables possible and further 
for the reason discussed in Pai-agraph 7*03> requires the use * 
of Che impedance compensator. Where tJhe connecting company 
provides 19 gauge H-88 loaded cable facilities using low 
aapaclt^ce cable^ it is not possible for the REA borrower to 
use D-o6 for connecting to it. In this situation the REA 
borrowers' portion must consist of D-8fi loading. This special 
case Is discussed in Paragraph 8.0. 


r.OG To insure proper voice frequency repeater oneration, it is la 
perative that the following steps be taken during the engineer 
tog, construction and InataTLation of the' Junction con^enaatori 

(a) Compute the building -out capacitance required 

(capacitors Cq and C2 in the compensator) only wher 
the len^hs of the natural D-66 and H-SS end sections 
at the Jmction are firmly known. Changes, if any, 
in the end sections due to re-staking, re-location 

thrm°^ ^ould also be reflected in 

the REA PS-31 Specification,* latest issue. 

completed 

spliced correctly, that 

necteft^the ^ ia con- 

compensator may adverseiy^fkS^i-J^^' ^ *®versed 

St 

Sliould be 

’*iich covers aU SrS^if 5E-3i, latest 

characteristics. 

<•8 not required. Protection for the com- 


- UfiS-Hea Jmotlou Bupedlaace Oomp.M»tora 
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SPECIAL LOADOG APPLICATIONS 

i -in applications wiiere it »nay not be 

8.01 Circumstancsa tvpe oi loading for the entire 

practical to maintain the about as a result of the con- 

Lngtl* of tM trunlf. “L“ltan=e cable, el-.ber 

nectlng company providing 19 ferTtTpSFHBS of the trunk 

paired or qusdded and mutual canacitance between 

route . In order to maintaxa approaches are technicaUy 

loading points t.ha entire trunk, two pp 

possible ; 

(.) ro.. bbe m bofrow^ bo also 

ffn-M foSerofa low capacitance cable baeiH. 

(t) For tbe m borncwer to 

88 iDh loading coils for his cacacitaaci 

C,. iaelred Objective a 

between loading coi^ m borrower's portion 

Cacins betve^ "-“f 'Vif ^fiS«“a feet. Tble 

haa to be tbortenad. ttla apac^^ gg ^ 

portion tn^ H^ea 1C portion of 

S3.s:‘s.-i.“ :,-“J5.!ns ir ““““ 

” £ nrrs,<-OSi*irs; srrJS.s 

- r.d- ' -Ti n-f* TT-fiS IC iy*-d ’3—83 SC lead .-.-g 
8.02 At the point each system must be 0.5i that is, tne 

ayatena, the end the 0-38 ffi: a 2250' 

H-ae IC must nave a 3000 end section 5250 '. Wiiere physical 

awaking tbe total Sill teoticn at ^ Jf°^,,tlon whlS la 

or ataklng eonalderatlona rea^t oo,t pro- 

ISSrra^^Slin^i f “pa^^ o .0 f t be - aalo^rn^lhe^ 

S^irSlrw:Vo=VSeral rda bandied. 

8.021 Low ^SSOTe!''tte^MpMt“S'^teKOnnecttoa 

Standard cable. y to 19 gauge cabiaa. 

of the two loading ayatams applies only to .uy gau« 
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9. 


procedure for COi-tPUTiRG LOADED OIRtJNK ATTEIRtATION 


9.01 


For purposes o£ transmission computations the attenuatloi 
T cable is normally calculated at 1000 ops anc 
I'able r provides attenuation ini'ormation at 1000 cps and 
for various types of loading systems and cable gauges fox 
exchange and J.ow capacitance type of cables for carrying 
e reared computations. The attenuation of the loaded 
must also include the transmission loss caused by reflect 
^ Junction of facilities having dissimilar 1000 cps 
and otter incldantal loaaea an route, auch J 

fleSf provldea tb 
flection loss information at lOOO cpsj the loss of the In 

compensator should be computed as discussed in pSagraph^ 


9.011 


5nn!tr becomes necessary to know the at. 
t^ 1000 f trunk cable at frequencies o1 
can be^ed^ ' ioforraation in Figures 2 througi 


alau^ “ ttd.^u«hout or 

aniUplylng the apnUo^e^dh'^°® systeme, la obtained by 

type Of f^mty In^ate^r hv =“= 

the sane unit o? ien^Sf o^ tLw “« U- 

Individual attenuatifna a^d adin! ? and auarulng up e 

^ Junction doapenaators or otter lnoldental'loBeei°°^' 
Where applicable. rnciaental losses en rou- 


9.021 


^Ehe atteni;atlon information of Tahi** t ^a k j 
mid-section impedance 1 ^ ■* 

particular gSe^fJi ? the 

tenuation computations there?n^°^*f°'^^ shown . At- 

whlch confilst of ndjced'glugea^ circuit 

terns and dissimilar mn+na^ * dissimilar loading sy 
ously correct^ capacitance will be rigor 

ever, malnOor to tte^onpleStC 1^^“" “f"?' 

above procedure woulS Staft f computation which 

it win be sSncS tfri/" 

iOOO cps to consider each approximation - 

its applicable db^oss per “multiplying 

length, with no regard ShethS\hf^^ actual 

curs at mld-seotton. change of gauge o< 
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9.022 In computing the attenuation of a 

D-66 and Kr88 loading the loss of the D-66/E-88 
compeneator must be included in the co^utatlon. 
loss, at 1000 ops, ahou3.d be taken an 0.3 db reg^diess of 
the amount of CBO used in the compensator to build oUt the 
D.66 and H-SS sides for either 19 or 22 gauge cables. 

9.023 As discussed in Paragraphs 6.01 and 6.02 capacit^ce suild- 
ing-out will be required to build out loaMcg 

which are shorter than normal. The amount of 
capacitance required will of course vary trsM 

of the section being built out. For proses of 
mission conqjutatlons at 1000 cps it will 
to consider the small dissipation loss caused by these 
canacitors as part of the circuit attenuation out only the 
amount of physical cable present as discusaea in ^agraph 
^021 .ibovL The above simplification in computation pro- 
cedure la predicated on two conditions: 


(a) That no resistance building-out (BOR) is used ^ the 
building-out capacitors, 

fb ) The capacitors are specified in accordance with REA 

i^eciflcation PE-30, which limits the amount of capac- 
itor dissipation permissible. 


All illustrative examples shown herein, using building -out 
capacitors asstane no corresponding BOR. 

la oases where, for return loss reasons, it becomes neces- 
sary to use resistance in addition bo the capacitance of 
the building-out unit, for applications to cables noaaiatlng 
primarily of 24 gauge or finer, the 1000 epa attemiation 
be computed to include the amoimt of capacitance 
building-out by converting this capacitance bo an equivalent 
length of a physical cable having the same gauge aa the 
section being built out ahd multiplying this equivalent 
length by the corresponding db loss per unit length for that 
gauge In Table I. 

9.024 Regarding incidental entrance cables which are loaded, when 
the length of the loaded portion of the cable is such that 
the end section exceeds a half section, the length of the 
cable affected by the loading la multiplied by the appli- 
cable db loss per unit lengbh for the gauge and the loaMi^ 
ayatem used and the remainder of the cable la multiplied by 
the correaponding db loss per unit length for the nonloaded 
cable. The total loss for this portion of the circuit is 
obtained by adding together the loaded and nonloaded at- 
tenuations . 
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9.025 In .':onnectloa with existing trunk plant, need will 

arise for computing the expected attenuation of trunk 
circuits consisting of combinations of loaded non Jack- 
eted (older type) and nonloaded multipair shielded 
cables, loaded former type rural distribution wire and 
steel or copper-steel open wire conductors. The at- 
tenuation of nonloaded cable pairs and open wire con- 
ductors will be found in REA TE & CM-J1O6, "Attenuation 
Data." The attenuation of loaded rural distribution 
types of cables, both for the former type and the 
Hgure 8 type, is Included in Table I herein. The re- 
flection loss Information pertaining to all dissimilar 
facilities, normally to be encountered, is given in 
Table II herein. 

9.03 Examples 7-12 will be helpful in illustrating the computation 
procedures discussed in the above paz*agraphs. 
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Ill-gatratl-TO Example 1 

To ahov how to ccanpute the IMS spacing deviation of a D-«66 loaded 
trunk dabla^ staked and constructed with the* spacing shown belowt 




The deviation reqaireaenta of 
paragrapha 3*0itL and 3,0h2 are net 
in (a) and (b) above. 


Analyaia t Since the devlatlona of the loading apaelnga fron the 
average apaoing are zero (eolunn 3), i.e«» all the 
loading aectlona are alike » thia lo^ apaeing will, 
result in practically infinite atraotnral ret ur n 
loaa (aaauning the cabie capaci tan ce alao to be 
equally unlfom) . 
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Illustrati ve Esampifl 2 

^ Of a loaded 

onsuructed with the spacing shown below 


Loading Section 
. Lenn^h 

Average 

.^acinj^ 

Deviation of 
Loading Section 
from Avepa^ft 

Deviation 

S(^uared 

h 635 

1*635 

1*635 

1*635 

1*635 

1*635 

k 635 

1*635 

Total 37,060 

1 _ 

1*635 

1*635 

1*635 

1*635 

1*635 

1*635 

1*635 

1*635 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

- zero feet 


(a) "-iatioa Of Average Stand„^ to? - 

/u\ ' 

(b) iWS Deviation from Average Spacing , 


0 

m 


0% 


.‘•“wirements of 

paragraphs 3,ola «id J.oiJ .re ««*. 

Calais! (a) sijice the deviations of the ^ 

average spacing are aero fcolSf?! f««" the 

BoJSi w’^t^^Ltl^n} ;^eJSrin 

®^^*^*-gbtljr higher cutoff freouenr^^^j*' 

W is less th.^ tte^SSs'c'Sl^oo! 


(b) 
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Illuafaratlve Example 3 

To shew how to canpute the IKS spacing derLation of a D-66 loaded 
trunk cable, staked and constructed with the spacing shown belowt 


Loading Section 
Length 

Deviation of 

Average Loading Section 

Spacing from Average 

Deviation 

Squared 

1+590 

1+500 

+ 90 

8100 

ili»6i4 

1+500 

- 36 

1296 

1+680 

1+500 

+180 

32,1+00 

U51B 

1+500 

+ 18 

321+ 

)|)|10 

1+500 

- 90 

8100 

1+1+28 

1+500 

- 72 

5181+ 

1+1+61+ 

1+500 

•" 36 

1296 

’ 1+572 

1+500 

+ 72 

5181+ 

1+320 • 

1+500 

-180 

32,1+00 

1+536 

i+5oo 

+ 36 

1296 

1+1+82 

' 1+500 

- 18 

321+ 

1+536 

1+500 

+ 36 

1296 

Total 51+,000 

Avg, JktOQQ/12 - 1+500* 

RMS •• 

97,200 « 90 feet 

97,200 

N 

12 



( a) Deviation of Average Spacing fran Standardi ItgOO - kSOO » 0% 

U500 


(b) ms Deviation from Average Spacing i 90 m 2% 

kSQO 

Confoiroanoa to Requirements : The deviatio- 

paragraphs 

j flfnH 


Analysis t (a) The structural 
be as good as 
because the in 
i*a,, larger o 
the perfect av 

( b) If only two la 
HMS devlatlott 
901 for all th 
l60i and the t 
82.21 of the t 
example it is, 
to reduce the 

4 

(c) If there were 
the ms devlat 
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Example U 

To show hov to canputa tha effect of one large dariitlon in loading spacing on the H<6 derlitlon. 
popAinlng dovlAtlorui are assumed to be small in comparison with the one large deviatiohi 


Solutions iha one large spacing deviation »diich can be tolerated on an fWS baeia Is given by the 
folloZng axpreeeion to a good af^roxiinationi 

D - RM3|n 

Where "D*» is the one large load spacing deviation in feet, 
is the mnaber of loading sections, and 
m$ la the 2% of i*500 allowable or 90< 


As an sxaiipXe, UC a loaded trunk cable has 12 loading sections and Is aiasd at an average spacing o£ 
, one Law deviation, D, can b« tolerated if neoessaryt 

D - m 3 fo" - M'Tia ■« 312* 

Therefore, the loading aeotlon can bai v 312 * U762< long. 

The following exaacpla Ulustratea the computation method for juartlfying this h762(# leading aeotlonv 




Oevlatioa of 


loading 3actioa 

irarit* 

Loading Sectloo 

Deviatiol 

Length 

Spaeing 

Ut78 

froa Average 

Sqnared 

WiSl 

27 

729 

l4iv$l4 

lih78 

2h 

576 


urt 

29 

SLl 

IMl 

1478 

17 

269 

IAS2 

1478 

26 

676 


1478 

26 

76U 

1i763» 

1478 

2dL# 

60,656 

U63 

1478 

25 

625 

USl 

1478 

27 

729 

Ui$3 

1478 

25 

625 

IM7 

1478 

31 

961 


1478 

26 

62? 

TotU 53, 73* 



ad,u6 

AT*. 53,736A2 ■ iJiTa 

WS 

1 68 .U6 • 85.7 r»*t 



S 12 


(a) Deriatlon of Average doaoing frot Standanii hh7d • 49CX3 ■ 

1,500 ■ 


(b) Deviation fim Average Spacing 

, ^ - l.« 

UtS 



oKente of paragraphs 3.0ia and 3 ,0112 are met in 

ut one are kept mH, it is possible to meet the 

i the beeis of paragraph 3^0S* the large 2aU‘ 
rwents of paragraph since this paragrat* 
iverage spacing of 3^ and 3^ of 4^78 » is 13h< . 

HSCESSARI, the FOmULA BEObMESi 

e . ... •... ..vijy. . 




Illustrative Exaapla 5 Ib shoir how to eoinpute the spacing deviation 

using the arithmetic method ot a D»66 loaded 
trunk cable having the load spacing shoim belov. 


Loading Section 


4^35 

45U 

437^^ 

4590 

4365 

4410 

4613 

4626 

4522 

4500 

4387 

4478 


Total . 54,011 


Average 

Spacing 

4501 

4501 

4501 

4501 

4501 

4501 

4501 

4501 

4501 

4501 

4501 

4501 


Deviation of 
Loading Section 


Avg. Spacing: 54,011/12 » 4501* 


Avg. Bar.: 903/12 - 82* 


(a) Deviation of Avg* Spacing froa Standard: 4501 - 4500 ■ 0.02< 
(Paragraph 3*052) 

(b) Deviation of Avg. of Differences frca Avg. Spacing: 82' >• l«dl( 

(Paragraph 3*053) Tf^Ol 

(e) Maxlaua Indlvldu^ Spacing Dev. ffcei Avg, Spacing: 4365 - 4501 « 

(Paragraph 3*054) ^ 
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To shov bow to ecmputo the spacing deviation on 
an existing BoSd loaded trunlc cable using the 
aritbiBetic oethod. 


aritboetic oethod. 

IIom: la this particuiar layout, the length of loading sections Nos. 7 
and 22 are 1305* and 4251’# respectively. Building-out capacitors 
of 0.073 and 0,025 microfarads have, however, been used at sections Nos. 7 
and 22, respectively, to build out sections to noraal. In the computations 
Miow, the equivalent length of the CBO is Included as part of the section 
Isxigth as discussed in Paragraph 3*032* ) 


Bevii 

Loading Section Loading Section Average 

■ ^Pgth Spacing from 

i 6012 6314 

3 5904 '• 

3 5335 '» 

4 6236 , '* 

5 5989 ' i« 

6 5991 

7 1305 * .073 Uf » 5949 ” 

3 5996 

^ 6033 " 

•^0 5967 M 

^ 6000 II 

^6296 „ , 

5996 » 

6000 „ 

6000 

“ 6069 

S ^ •’ 

~ fil05 . 

^ 6cA8 

01 tt 

aa « 

**»■ 3p«iBg: lK.3iVa . 6014. . ^ 

Avg. Dsv,; i44«/22 . 

<»M»«Sh°3.0H) *«■ StMiMa: 6oil(. awi . o.si 

3.053) f«» Avg. Sp«:iag: M . i.ijt 

todlrtiiua ai«i„ ^ 

3.050) “»*• Avg. . 


Ifeviatton of 
I-o«dlQg Section 
_frtm Average 


3 

9 

10 

u 

12 

13 

14 

15 

16 
17 
13 

19 

20 
21 
22 

ttotal 


5841 


19 

91: 

34 

18 

173 

1446 


Avg. Dbv.; l446f/22 - 22' 













MSI ^ 
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To ahaw how to coapute tb# *tt«iuati<a of « loaUd tomk c*Wj 
Biallar to tha onaa shown below, at 1000 epa and oo®?. 


^ jii yyyt (Actual Cable Plant Lan^) HC— — — — — ► 

223Q> ■■WO'., 4J»52» .. 4515* .. 2155» 9^V Wf5»w ^gO_>w w 


Procedure 


34.31 KF X 0.15 «a/Kr 


Anawar 


5.15 <I 


66,139* (Actual Cable Plant Length) 19-2-88 HC 

5947*.59l6»„ 59ei'>,5927* v28pj| d 


2930* 5996* 

/ 5943*. 5961*,. 5933 (.5905 


9.5* -c - 0. 

> — Added 68 


0rr8;jf • 4990* 


68 ah Coll 


66.14 KP X 0.061 db/KP 


5.36 db 


.49,102* 2-68 as. 


13 OCF. 

>* 6052 *. >^ 590 * 6 oQT *.5966 « 3925 * . 6031 *, 6063 * , 60 lfl» 


, 10.68 XF I 

^22288 HC — H 


O.OZijif 


T U.UW3 u 

(i 1>36'5 


0.033 VS 
(2i01*) 


36.12 KF 19-2-88 ac — 

(Actual Cable Plant Length) 


\\LL 

\ 2.3 » 



( 10.68 + 2 . 3 ) * 0.15 + 36.12 X O. 08 I 


4.88 db 


- 37 - 









■2® It 


, irt hot to cow*® attenuation of a loaded tniok o.vi. 

-i^iatsmtlTe FhMtple IQ to^tha o» shown Ijsaow at 1000 ope and 6a®P. 
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D-luatratlvg Ebcacrola 12 To shoir how to ooniputo the attematloa of a loaxled trunk cable \ 

alallar to the one shoim below at lOOO epa aad 68*^. I 



(6.7 X 0.792) + (8.2 * 0.31) + (5.3 x 0.514) 

+ (o) + (O) BefleetlaiM 10*57 <&> 


I 








D-66 Lcadlflg*~Nev Construction 



ILLUSTHAUVE EIAMiiE 13 

CfiO aaffDIATTON fOH NSW CONSTHDCHON AT JUKCHON K)INT 




mn % cmJ»3i 



LTIOil roR HHJ COiBIHJCIIOH AT ISE JUBCTIDH PO Tfff 
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EuidltloiiAl 86 lAi coll bex« 



CSO AMD COIL CaHPUXfUriOliS FOR EOBTIHa FViSL 









AO xk: 



S -rj I 

u 

o c 0 
n 

P _ H 
o tj o 

(0 4) 4 

if. 

03 ^ S 

® ^ p 

4i q 


HI-- 


J 2 H 
•H ^ O 


ir: 

<0 *' 8 

IH 



3, § 


i » 


*3.2 § 


tu 


q. 

V q ^ 

S o 

> o M < 
4^ q > 

H S* 8 
_ q 3 3 


|l a Qd ^ 

|s al 

tH *fH O 44 

^ & y 

3»ii 

P ^ 9 
^ o q 
o 

8 “1 ■S 

s4|| 

^ « (0 c 

H g XJ d 


t"S " n 

33 FS 





m SB * MJtSl 


mm OF 

jmEBCOaSECTlDH 


0-66 HC 



j 


•^d Bt 


A. CAaLE uuon mODBH OOHSD3BRACIOII 


0-66 HO 


^ I t- 
^ K \ 


700* 300' 1*800» 


I 


B-66 nc 


KUCB JOHCtlOU OCMmSASDS HEBE 


D-M RO 







I — x.., > .. t i 


ll>&d HC 


0, - (3600' - 1000') X 0.083 - O.OUl pt 

^ §200 


Cg -0 

a. RBaiLiiMa ahwcasiom of johctiom ccwpaisAroa 


HiUJSKUIIVB EEAMPLE 10 
APHJOAHOK OF THE JOHCTIOH CCHPaiSATOE 






OlOiBCIIOK 



AHUCJiifai OF me Jiaicncffl ccHpaisAroH 
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nWJSERAUVE EXAMPia 20 

applicaxjoh op the juhctioh comeessator 


^ m 


HC-*" 


B6 


■4500' 


I 


•5600' 


y I H-88 HC 


A, CABia IA2DUI UHTOH OOSSIDERAIIoaf 

S A 
3600 ' 



B. 0KB EOaaiBIS socunoa and KESOIiCIHG JUKCnOK COMP. CCaa^'100RA33CH 


■fl" 




1760 ' 


2340' ^ ^400' 


38 mh 


H-' 


88 HC 


X J nACB JOHCTIDH COMP. HERS 

N - - place ADDnaOHAl 88 Bil IP HESS 


1 


_|| nm 


^lX|Tn^ -jTm — 1|-*. 


H'‘88 W 


jmctjaa mia. s' ^ 

Oo « (liRoO' - 2 ^' ) * “ 0.039 

^ 52 UO 


C. *if i ff HM B06S33IS aoaJKDOH AHD 


ItESUIlIiaQ JUBCtlOK COMP. CCSSFIGURAanDH 
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XLLTJSTBAZITE EZAHPLE 21 

CBO COaVTAUON AT JUfiCIZON OF ldO-86HC IHD l^H-Se LC 














1-2 


'M % 

AMENUA'DraN - UB/MI. (l';.! -lAUiiE) 
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’.o) ■IK/iiQ 


M0IJ.VJ'iW2I.LV 
ai c*” ' 



24 gauge 

AOITEriUAa'lOllI - DB /he. 


19 QAUCiB 


52 


FHEiiUEtrcr - KD/S 







VO l."' 


OAUaisJ 

iV-nENUATIOH - DBM^‘ 


19 GADQB 


53 












iJfc’A Hi 


1 . 


'CABTJS T. 

AT®MUA'J?I0N Air 1000 CP3 AMD 68*^5^ 
rmDED, eOLYKCmJ!!® AND PAPER^ niSmiSD TWJNTt' OAHUAJ 

PAIRED OR QUADDED 

paired, multipair «HIE!LDISD (JABLE3 


2. 


af Facility 

2l|-**D-66 HC 
22-D-66 HC 
19“*D“6^ HC 

26 ^H-B 8 HC 
2l|...H..a8 HC 
^a-n-BB HC 
HC 

22 -H-Bi 3 

19-8-88 

j.g-D-88 HC . 

1 . 9 -H-aa LC or 'Aiadded) 

PAIRED, MULTIPAIR NDN-SHIE£J)EID GABLES (TW 'MfPE) 

I9-D-66 (Figure 8) 

I9-H-88 " 

22-D-66 (Foriflor Tyi>e) 

22 -H-aa " 

19 -D -88 '' 

19 -n -66 '* 


toll C3UADDED GABLE -19 GAH^lE 


u- 31 -ia 

H-68-50 

B-ae-50 


3 Ido Ci.rcuit 
DB/t4l . DB/KP 


0 . 5^9 

o. 4 to 

0 - 3*<'9 

0.259 


0.104 

0.089 

0.066 

0.049 


ALfenuni. Ltjn 

DB/Mi. 

na/.KT'- 

1.21 

o.r»i 

0.79a 

0.15 

0 4 a 8 

o.(08i 

1 ..Y 0 

0 . 34 

1 . 2.1 

o ..:3 

0.798 

0. ;.5 

0. In'8 

0 . ijBj 

0.921 

0. 1.74 

0.601 

0. U 4 

o.Bao 

0 . oOti 

0.375 

o..r 7 i 

0.375 

O.OTl 

n.49 

0.09 j 

0.49 

O.093 

1.0 

0. 1.81 

1 ') 

1), lO.l 

n.b 

0 . J.llt 

0.6 

0 . I.l 4 

lljantciM 

OlriMi.l 

' riB/tit . ' 

DR/O' 

0.459 

i».o 8 t 

0.391 

0 . 1 )Tli 

0.301 

o .')57 

0.232 

()..o 4 i» 


MOTES; 


1 For tOTP«rature. other thw. those ehovn 

etLSon shorn hir 1 I percent for each chanae w 

temparaturfi otf + 5^« 

2. Western Electric CoHrpany 

19-, 22-, and a4-gaxi«ef reapedvl’/elye 
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UKA tS li CM-Jfil 




























































